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(57) ABSTRACT 

A method of forming metallic layers on a substrate includes 
the steps of forming a ?rst layer including a ?rst metal on the 
substrate; cooling the ?rst layer for a period of time suf? 
cient to suppress formation of an intermetallic phase; and 
forming a second layer including a second metal distinct 
from the ?rst metal on the ?rst layer. The cooling step 
decreases the roughness of the resultant stacked structure by 
suppressing the formation of an intermetallic phase layer 
betWeen the tWo metallic layers and by suppressing “bumps” 
or other surface irregularities that may form at relatively 
reactive grain boundaries in the ?rst layer. 

19 Claims, 2 Drawing Sheets 
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METHOD OF FORMING METAL LAYER(S) 
AND/OR ANTIREFLECTIVE COATING 

LAYER(S) ON AN INTEGRATED CIRCUIT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to the formation of a layer of metal 
on a substrate and, in particular, to the formation of an 
anti-re?ective coating (ARC) and/or ARC-containing layer 
that has a reduced roughness. More particularly, the present 
invention relates to the formation of a titanium- and/or 
tungsten-containing ARC layer on an aluminum- or alumi 
num alloy-containing metalliZation layer in an integrated 
circuit. 

2. Description of the Related Art 
Some metal deposition processes result in formation of 

grain boundaries in the deposited metal layer. Such grain 
boundaries may give rise to localiZed sites of high reactivity 
in the metal layer. 

In particular, in integrated circuit fabrication, aluminum 
tends to be someWhat reactive With subsequently deposited 
titanium-tungsten alloy, particularly When the substrate is at 
a relatively high temperature (e.g., 480° C.). This often 
results in localiZed formation of a TiWAl phase at the 
aluminum grain boundaries, causing formation of TiWAl 
“bumps” on the surface of the deposited aluminum layer. 
FIG. 1 is a cross-sectional representation of one such TiWAI 
“bump” at a grain boundary, as formed using a conventional 
process. As shoWn therein, numeral 110 references a grain 
boundary of a metalliZation layer 105, such as aluminum. As 
the ARC layer, such as TiW, is conventionally formed at 
high temperatures, deposition of a TiW layer 130 on the 
metalliZation layer 105 causes an underlying intermetallic 
phase 120 of TiWAl to be formed. Such an intermetallic 
phase 120 of TiWAl tends to form one or more “bumps” 140 
above the reactive grain boundary. Because of these 
“bumps” 140 of intermetallic phase TiWAl 120, the over 
lying ARC layer 130 of TiW eXhibits one or more corre 
sponding “bumps” 150. These “bumps” 150 increase the 
surface roughness of the aluminum layer 105, causing 
problems during subsequent photolithography and metal 
etching processes. In the Worst case, the “bumps” 140, 150 
may be sufficiently large to adversely affect the yield of the 
metalliZation process and/or of the entire integrated circuit 
fabrication process. 

It is, therefore, desirable to provide a method of forming 
an anti-re?ective coating (ARC) and/or ARC-containing 
metal layer on a substrate that reduces the roughness of the 
coating or layer. More particularly, it is desirable to provide 
a method of forming a titanium- and/or tungsten-containing 
ARC layer on an aluminum- or aluminum alloy-containing 
metal layer in an integrated circuit, Where the ARC layer 
may have a relatively uniform thickness and/or Where the 
metal layer containing the ARC layer has a reduced rough 
ness relative to similar metal layers formed by conventional 
processes. 

SUMMARY OF THE INVENTION 

It is, therefore, an object of the present invention to 
provide a method of forming an anti-re?ective coating 
(ARC) and/or ARC-containing metal layer on a substrate 
that reduces the roughness of the coating or layer. More 
particularly, it is an object of the present invention to provide 
a method of forming a titanium- and/or tungsten-containing 
ARC layer on an aluminum- or aluminum alloy-containing 
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2 
metal layer in an integrated circuit, Where the ARC layer 
may have a relatively uniform thickness and/or Where the 
metal layer containing the ARC layer has a reduced rough 
ness relative to similar metal layers formed by conventional 
processes. 

In accordance With the above-described objects and those 
that Will be mentioned and Will become apparent beloW, a 
method of forming metallic layers on a substrate, according 
to an embodiment of the present invention, comprises the 
steps of: 

forming a ?rst layer comprising a ?rst metal on the 
substrate; 

cooling the ?rst layer for a period of time suf?cient to 
suppress formation of an intermetallic phase; and 

forming a second layer comprising a second metal distinct 
from said ?rst metal on the ?rst layer. 

According to further preferred embodiments, the ?rst 
layer forming step may be preceded by a Wetting layer 
forming step. The ?rst layer may include one or more 
elements selected from the group consisting of aluminum, 
gold, silver, copper, indium, tantalum, molybdenum and 
tungsten. The ?rst layer forming step may be carried out at 
a temperature of at least 350° C., preferably betWeen about 
350° C. and about 550° C. and more preferably betWeen 
about 400° C. and about 500° C., and even more preferably 
betWeen about 450° C. and about 480° C. The cooling step 
may be carried out for a period of time at least equal to 30 
seconds. The cooling step may cool the ?rst layer to about 
300° C. or beloW and preferably to a temperature equal to or 
less than 250° C. The intermetallic phase may include at 
least one element from each of the ?rst and second metallic 
layers. The second layer may include at least one refractory 
metal, Which may include one or more elements selected 
from the group consisting of tungsten, nickel, molybdenum, 
tantalum and titanium. The cooling step may be carried out 
by ?oWing an inert gas near the ?rst layer or the substrate, 
at a temperature effective to cool the ?rst layer. The inert gas 
may be selected from the group consisting of nitrogen, 
helium and argon and may be ?oWed at a How rate selected 
Within a range of from about 35 sccm to about 65 sccm. 

According to another embodiment, a method of reducing 
a surface roughness of a stacked structure including at least 
a ?rst and a second metal layer comprises the steps of: 

depositing the ?rst metal layer at a ?rst temperature; 
cooling the ?rst metal layer to a second temperature that 

is less than the ?rst temperature, the second temperature 
being effective to suppress formation of an intermediate 
layer betWeen the ?rst and second metal layers that includes 
at least one element from the ?rst metal layer and at least one 
element from the second metal layer; and 

depositing the second metal layer. 
According to still further embodiments, the ?rst tempera 

ture may be at least equal to about 350° C. and the second 
temperature may be equal to or loWer than about 300° C. The 
?rst metal layer may include aluminum and the second metal 
layer may include titanium and/or tungsten. The ?rst metal 
layer may be deposited in a process chamber at a ?rst poWer 
level and the cooling step may be carried out at a second 
poWer level that may be less than the ?rst poWer level. The 
second poWer level may be substantially equal to Zero. 

According to another preferred embodiment, a stacked 
structure including at least a metalliZation layer and an 
overlying anti-re?ective coating may be produced by car 
rying out the steps of depositing the metalliZation layer on 
a substrate; cooling the metalliZation layer for at least 30 
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seconds; and depositing the anti-re?ective coating on the 
cooled metalliZation layer. The metalliZation layer may 
include one or more metals suitable to form an electrical 

interconnect and the anti-re?ective layer may include one or 
more refractory metals. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a further understanding of the objects and advantages 
of the present invention reference should be made to the 
folloWing detailed description, taken in conjunction With the 
accompanying ?gures, in Which: 

FIG. 1 is a cross-sectional representation of the surface 
roughness of an ARC layer across again boundary of a metal 
layer, as formed using conventional processes. 

FIG. 2 is a How chart illustrating an embodiment of the 
present invention. 

FIG. 3 is a cross-sectional representation of the highly 
uniform (e.g., smooth) surface of an ARC layer across a 
grain boundary of a metal layer, as formed according to an 
embodiment of the method of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

An embodiment of the method according to the present 
invention present invention is shoWn at FIG. 2. According to 
the present invention, a ?rst layer including a ?rst metal 
(hereafter the metalliZation layer) is formed (e.g., by 
deposition) at step S1. Within the conteXt of semiconductor 
devices, the metalliZation layer may include aluminum or an 
alloy thereof formed (by, for eXample, deposition) on a 
semiconductor Wafer. To increase the uniformity and the 
degree of adhesion of the metallic layer deposited on the 
semiconductor Wafer, a Wetting layer may be deposited on 
the substrate at high temperature, using the method 
described in commonly assigned U.S. co-pending 
application, Ser. No. 08/740,290, entitled “Method Of Form 
ing A Metal Layer On A Substrate, Including Formation Of 
Wetting Layer At High Temperature” by Sam G. Geha and 
Ende Shan, ?led Oct. 25, 1996, the disclosure of Which is 
incorporated hereWith in its entirety. To prevent migration of 
silicon atoms into the metalliZation layer, a barrier layer of, 
for eXample, a titanium-tungsten alloy or silicon nitride may 
be deposited betWeen the substrate and the metalliZation 
layer. A suitable process for forming a metalliZation layer of 
aluminum on a semiconductor substrate is disclosed in 
commonly assigned U.S. co-pending application, Ser. No. 
08/693,978 entitled “Improved Hot MetalliZation Process” 
by Sam G. Geha, ?led Aug. 1, 1996, the disclosure of Which 
is also incorporated hereWith in its entirety. Herein, a “met 
alliZation layer” refers to a layer of metal on a substrate, 
Without regard to the relative magnitudes of the dimensions 
of the metal formation (i.e., the term “metal layer” or 
“metalliZation layer” is not intended to be restricted by the 
connotation associated With the Word “layer”). For eXample, 
in a semiconductor device, a metal layer may include, for 
eXample, an electrically conductive trace formed of a metal, 
an electrically conductive ground or poWer plane formed of 
metal, or an electrically conductive contact (i.e., a ?lled via) 
formed of metal. The metalliZation layer may be formed by 
any conventional process, such as by sputtering, plasma 
and/or deposition by a chemical vapor deposition technique. 

Other metalliZation layers may also be used Within the 
conteXt of the present invention. For eXample, tungsten may 
be formed (e.g. deposited) as the primary metal material 
(i.e., as the metalliZation layer), from WF6. Tungsten, for 
eXample, may also be used instead of aluminum as a 
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4 
metalliZation layer on a semiconductor Wafer as tungsten 
may be better able to ?ll in vias having a high aspect ratio. 

In step S2, the metalliZation layer formed in step S1 is 
cooled. This may be done by cooling the metalliZation layer 
and/or the Wafer in the process chamber and/or by cooling 
the entire process chamber. The length of time the cooling 
step S2 is carried out is generally for a period of time 
suf?cient to suppress the subsequent formation of interme 
tallic species on the metalliZation layer upon formation of a 
second layer including a second metal distinct from the ?rst 
metal, such as an antire?ective coating (ARC) layer or other 
metal layer. For eXample, cooling the metalliZation layer 
deposited in step S1 for a period of time ranging from about 
15 seconds to about 90 seconds suppresses the formation of 
an intermetallic phase layer. More preferably, the cooling 
period ranges from about 30 seconds to about 60 seconds. 
For eXample, the cooling of the metalliZation layer may be 
carried out for a period of about 45 seconds, to effectively 
suppress the formation of intermetallic compounds such as 
TiWAl, for eXample, When Al is used as the metalliZation 
layer and TiW is used as the ARC layer. 

To cool the metalliZation layer and/or the Wafer and/or the 
process chamber, an inert gas (such as, for example, 
nitrogen, helium or argon) at a temperature loWer than the 
desired, target and/or effective temperature of the cooling 
step (e.g., room or ambient temperature) may be introduced 
into the process chamber and/or impinged onto the metal 
liZation layer and/or directed against the backside of the 
Wafer as the Wafer is supported in the process chamber by a 
mechanical or electrostatic chuck. The How rate of the inert 
gas may be selected Within a range of about 15 to about 65 
sccm. More preferably, the How rate of the cooling gas may 
be selected Within the range of about 20 to 60 sccm. For 
eXample, the How rate of the cooling gas, such as argon, may 
be about 45 sccm for a period of about 45 seconds. Accord 
ing to the present invention, the RF poWer Within the process 
chamber is preferably turned off during the cooling step S2. 
When aluminum is used as the metalliZation layer, the 

?nal deposition temperature may be relatively high, such as 
about 450° C. to about 550° C., although the initial depo 
sition temperature thereof may be loWer When the aluminum 
metalliZation layer is deposited in a multi-stage process. 
Such high ?nal temperatures are desirable, as the atomic 
mobility of the metal atoms increases With increasing tem 
perature. High atomic mobility is important to ensure good 
step coverage, to properly ?ll high aspect ratio vias and 
trenches, as Well as to ensure the deposition of a 
homogeneous, smooth and dense metal layer substantially 
free of voids and other irregularities. 
When a TiW ARC layer is deposited over an aluminum 

metalliZation layer according to conventional processes, 
hoWever, an undesirable phase and/or layer of TixWyAlZ may 
form betWeen the TiW and Al layers and create one or more 
“bumps” at the grain boundaries of the Al layer. According 
to the present invention, hoWever, the step of cooling the 
metalliZation layer, the Wafer and/or the process chamber 
suppresses or at least inhibits the formation of intermetallic 
phases (such as the ternary compound TixWyAlZ) and greatly 
reduces the height of any “bumps” that may form at the 
metalliZation layer grain boundaries. Such cooling is pref 
erably carried out for a period of time suf?cient to suppress 
the formation of such intermetallic phases. 

In terms of temperature, for eXample, the cooling of the 
metalliZation layer prior to the ARC layer or coating for 
mation may be carried out until the metalliZation layer 
reaches a temperature of about 300° C. or beloW. Preferably, 
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the metalliZation layer is cooled to a temperature of about 
275° C. or below. More preferably, the metaliZation layer is 
cooled to a temperature less than or equal to about 250° C. 
It should be noted that the temperature to Which the metal 
liZation layer is to be cooled, as Well as the period of time 
during Which the metalliZation layer is to be cooled Will vary 
depending upon the application at hand. Factors that affect 
the cooling times and the desired cooling temperature 
include the composition, topography and thickness of the 
metalliZation layer, the temperature at Which the metalliZa 
tion layer is formed or deposited, the pressure Within the 
process chamber and the thermal conductivity characteris 
tics of the metalliZation layer, among other factors. Thus, the 
period of time during Which the metalliZation layer is to be 
cooled and/or the temperature to Which the metalliZation 
layer is to be cooled Will vary depending upon the applica 
tion envisaged, and all such variations are to be included 
Within the scope of the present invention. 

Thereafter, as shoWn in step S3, an ARC layer or coating, 
such as TiW, is formed (e.g. deposited) on the cooled 
metalliZation layer. Other ARC layers include, for eXample, 
titanium nitride (TiN), tantalum nitride (TaN), indium tin 
oXide (InTO), Zirconium (Zr), aluminum nitride (AlN), 
silicon nitride (Si3N4), amorphous carbon, etc. Forming an 
ARC layer or coating on a cooled metalliZation layer sub 
stantially decreases the surface roughness of the resultant 
ARC layer, as compared to conventional processes. For 
eXample, TiW may be formed for 5 to 13 seconds, depending 
on the ?lm thickness, to form an ARC layer, While an inert 
gas, such as argon, is ?oWed into the process chamber at a 
How rate of about 45 sccm While the applied poWer Within 
the process chamber is about 1500—4000 Watts DC. 

FIG. 3 illustrates a cross-sectional representation of a 
highly smooth (i.e., loW roughness) surface of a second layer 
or coating across a grain boundary of an underlying ?rst 
layer, as formed according to an embodiment of the method 
of the present invention. Reference numeral 310 represents 
a grain boundary betWeen grains of a ?rst layer 305. The ?rst 
layer 305 may be a metalliZation layer of, for eXample, 
aluminum. When the underlying metalliZation layer 305 is 
cooled as described relative to FIG. 2 prior to the formation 
(by, for eXample, deposition) of an ARC layer 330, the 
formation of an intermetallic phase 320 is eliminated, 
greatly suppressed or at least inhibited. Moreover, the siZe 
(e. g. height above the surface of the metalliZation layer 305) 
of the “bumps” 340, 350 of the intermetallic phase 320 and 
the ARC layer 330, respectively is also advantageously 
reduced, resulting in a substantially smoother surface than 
Was conventionally possible using previous techniques. The 
intermetallic “bump” thickness, as Well as the intermetallic 
layer thickness is preferably at least 30% less than, more 
preferably at least 50% less than and most preferably at least 
70% less than the corresponding thickness of an otherWise 
identical intermetallic “bump” and/or intermetallic layer 
formed at a temperature of at least 3500 C., preferably 
betWeen 350° C. and 550° C. and more preferably betWeen 
400° C. and 500° C., and even more preferably betWeen 
450° C. and 480° C. The “bump” thickness may be measured 
at the grain boundary of the metaliZation layer. The ARC 
layer 330, according to the present invention, may include 
TiW or an alloy thereof or most any metal or metal alloy. For 
eXample, the ARC 330 layer may be a 1:1 molar alloy of 
TiW, Where the ratio of Ti to W is about 10% to about 90% 
by Weight, respectively. 

It is to be understood that the present invention also ?nds 
utility in applications Wherein the metalliZation layer is other 
than aluminum and the ARC layer is other than TiW. In 
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6 
general, the metalliZation layer should have good electrical 
conductivity characteristics. For eXample, a metalliZation 
layer including tungsten, silver, copper gold, indium, 
tantalum, molybdenum or other conductive metal(s) may be 
formed. LikeWise, Ti alone, W alone or different alloys of Ti 
and/or W may be utiliZed Within the conteXt of the present 
invention, With good results. Generally, the present inven 
tion is believed to be useful in increasing surface smooth 
ness of metalliZation layers by suppressing the formation of 
an intermetallic phase and decreasing the magnitude of 
“bumps” at the reactive grain boundaries. For eXample, ARC 
layers of any refractory metal(s) or compounds thereof 
having anti-re?ective properties may be advantageously 
formed on a cooled metalliZation layer, according to the 
present invention. For eXample, a suitable ARC layer for use 
Within the method of the present invention may include, for 
eXample, one or more of the folloWing elements: tungsten, 
nickel, molybdenum, tantalum and titanium. 

Moreover, the present invention is not to be limited to 
stacked structures including a metalliZation layer and an 
ARC layer. Indeed, the present invention Will, it is believed, 
bene?t most any metallic stacked structure Wherein grain 
boundaries in an underlying layer cause undesired surface 
roughness in an overlying layer. In general, the present 
invention ?nds bene?cial application Whenever a ?rst metal 
layer is deposited prior to the formation or deposition of a 
second, distinct metal layer on a substrate, such as an 
integrated circuit Wafer. The deposition of such a ?rst metal 
layer may produce grain boundaries Which may be relatively 
more reactive than the area betWeen the grain boundaries. 
Such regions of relatively greater reactivity may induce 
surface roughness, “bumps”, voids and other material 
defects Within the second layer. Cooling the ?rst metal layer 
prior to the deposition of the second layer according to the 
present invention eliminates, suppresses or at least inhibits 
the formation of an intermetallic phase that includes con 
stituent elements of both the ?rst and the second layer. 

This suppression or inhibition of an intermetallic phase 
results in a second layer having increased uniformity and 
smoothness. In the case of semiconductor Wafers, such 
smoothness is bene?cial in terms of increased yields and 
more precise lithography, especially as line Widths migrate 
to ever-smaller dimensions, such as 0.25 microns, 0.18 
microns and beloW. Indeed, in these cases, the dimensions of 
the “bumps” or other undesirable features may become a 
substantial percentage of the line Width, With deleterious 
results. In other devices and/or processes, increased surface 
smoothness may have similar advantages, in terms of yield 
and/or increased utility. 
The present invention may also be used to form metal 

layers in active electronic components (eg integrated cir 
cuit chips, transistors and diodes) and passive components 
(eg resistors, capacitors and inductors). The present inven 
tion may also be used to form stacked metal layers in other 
types of devices, such as lead frames, medical devices and 
?at panel displays, or any device or structure that Would 
bene?t from smooth surfaces on layers having and/or inter 
facing With (underlying) materials having at grain bound 
aries. 
While the foregoing detailed description has described 

preferred embodiments of the present invention, it is to be 
understood that the above description is illustrative only and 
not limiting of the disclosed invention. For eXample, other 
steps may be implemented after the metalliZation layer 
deposition step but before deposition of the ARC or other 
layer. Moreover, metallic layers or coatings other than 
anti-re?ective coatings may be deposited on the metalliZa 
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tion layer and the teachings of the present invention may be 
advantageously applied to such layers or coatings. Thus, the 
present invention to be limited only by the claims as set forth 
beloW. 
What is claimed is: 
1. A method of forming metallic layers on a substrate, 

comprising the steps of: 
forming a ?rst layer comprising a ?rst metal on the 

substrate; 
cooling the ?rst layer for a period of time suf?cient to 

suppress formation of an intermetallic phase; and 

forming a second layer comprising a second metal distinct 
from said ?rst metal on the ?rst layer. 

2. The method of claim 1, Wherein the ?rst layer forming 
step is preceded by a Wetting layer forming step. 

3. The method of claim 1, Wherein the ?rst layer includes 
at least one element selected from the group consisting of 
aluminum, gold, silver, copper, indium, tantalum, molybde 
num and tungsten. 

4. The method of claim 1, Wherein the ?rst layer forming 
step is carried out at a temperature of at least 350° C. 

5. The method of claim 1, Wherein the cooling step is 
carried out for a period of time at least equal to 30 seconds. 

6. The method of claim 1, Wherein the cooling step cools 
the ?rst layer to about 300° C. or beloW. 

7. The method of claim 1, Wherein the intermetallic phase 
includes at least one element from each of the ?rst and 
second metallic layers. 

8. The method of claim 1, Wherein the second layer 
includes at least one refractory metal. 

9. The method of claim 8, Wherein the second metallic 
layer includes at least one element selected from the group 
consisting of tungsten, nickel, molybdenum, tantalum and 
titanium. 

10. The method of claim 1, Wherein the cooling step is 
carried out by ?oWing an inert gas near the ?rst layer or the 
substrate, at a temperature effective to cool the ?rst layer. 

11. The method of claim 10, Wherein the cooling gas is 
selected from the group consisting of nitrogen, helium and 
argon. 
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12. The method of claim 10, Wherein the inert gas is 

?oWed at a How rate selected Within a range of from about 
15 sccm to about 65 sccm. 

13. Method of reducing a surface roughness of a stacked 
structure including at least a ?rst and a second metal layer, 
comprising the steps of: 

depositing the ?rst metal layer at a ?rst temperature; 
cooling the ?rst metal layer to a second temperature that 

is less than the ?rst temperature, the second tempera 
ture being effective to suppress formation of an inter 
mediate layer betWeen the ?rst and second metal layers 
that includes at least one element from the ?rst metal 
layer and at least one element from the second metal 
layer; and 

depositing the second metal layer. 
14. The method of claim 13, Wherein the ?rst temperature 

is at least equal to about 350° C. and the second temperature 
is equal to or loWer than about 300° C. 

15. The method of claim 13, Wherein the ?rst metal layer 
includes aluminum and the second metal layer includes at 
least one of titanium and tungsten. 

16. The method of claim 13, Wherein the ?rst metal layer 
is deposited in a process chamber at a ?rst poWer level and 
Wherein the cooling step is carried out at a second poWer 
level that is less than the ?rst poWer level. 

17. The method of claim 16, Wherein the second poWer 
level is substantially equal to Zero. 

18. A stacked structure including at least a metalliZation 
layer and an overlying anti-re?ective coating, produced by 
carrying out the steps of: 

depositing the metalliZation layer on a substrate; 
cooling the metalliZation layer for at least 30 seconds; and 
depositing the anti-re?ective coating on the cooled met 

alliZation layer. 
19. The stacked structure of claim 18, Wherein the met 

alliZation layer includes at least one metal suitable to form 
an electrical interconnect and the anti-re?ective layer 
includes at least one refractory metal. 

* * * * * 


